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I  -  ABSTRACT 


Planning  in  all  areas  under  study  has  been  completed. 

Equipment  set-up  has  been  completed  except  in  those  areas  where  refine¬ 
ment  modifications  are  necessary. 

Previous  control  production  runs  have  been  evaluated  and  the  affected 
areas  of  study  have  been  finalized  where  possible.  Additional  studies  are 
or  have  been  initiated  to  standardize  the  remaining  areas  of  interest. 


II.-  PURPOSE 


The  purpose  of  this  measure  is  to: 

1.  Direct  efforts  toward  improving  production  techniques  to  improve 
the  reliability  of  the  2N1430  Germanium  transistor  using  as  an  objective  a 
maximum  operating  failure  rate  of  0.05%,  per  1000  hours  at  a  90%  confidence 
level  of  25°C. 

2.  Improve  the  areas  of  resistivity  control,  etch  pit  control, 
uniform  penetration  in  diffusion,  depth  control  in  alloying,  spreading  and 
wetting  in  alloying,  collector  attachment,  surface  passivation,  final 
preparation  prior  to  sealing,  gettering  technique,  and  leak  determination 
in  order  to  approach  the  above  objective. 

3.  Provide  information  and  data  to  demonstrate  the  results  in  the 
areas  of  study. 

4.  Establish  and  maintain  quality  control  measures  to  insure 
accuracy  and  reliability  of  the  established  process  techniques. 


III.  RELIABILITY  IMPROVEMENT  PROGRAM  NARRATIVE  (Continued) t 


1.1.1  Resistivity  Control  -  H.  Sivik 

Work  on  preparing  germanium  crystals  with  a  tighter  radial  resis¬ 
tivity  gradient  was  completed  in  this  quarter,  as  described  below. 
Also,  a  series  of  crystals  grown  to  specified  resistivity  range 
was  submitted  for  a  production  run.  Device  results  appear  in 
later  sections  of  this  report.  A  total  of  twenty-four  (2U)  crystals 
were  prepared  in  this  period.  Largely  due  to  excessive  vibration 
from  an  electric  motor,  four  (U)  crystals  were  excluded  from  Table  I 
having  been  rejected  for  strain  and  polycrystallinity.  During  the 
third  (3rd)  quarterly  period,  significant  improvements  were  demon¬ 
strated  in  yield  and  the  vertical  resistivity  gradient.  Thus,  the 
contract  commitments  on  resistivity  were  successfully  accomplished 
in  the  allotted  time. 


The  effect  of  three  (3)  different  size  capillaries  in  the  floating 
crucible  was  investigated  by  growing  eight  (8)  crystals.  Data  on 
crystal  numbers  1  thru  8  show  no  significant  variation  was  obtained 
in  the  radial  and  vertical  resistivity  gradients  when  using  floating 
crucibles  having  three  (3)  different  size  capillaries.  This  result 
is  interpreted  to  mean  that  the  transfer  of  dopant  from  the  inner 
to  the  outer  crucible  is  negligible  under  the  operating  condition*. 


Several  crystals  were  grown  to  observe  the  effect  on  angular  seed 
rotation  and  pull  speed  on  the  radial  resistivity  gradient.  In 
Table  I,  crystal  numbers  9  thru  20  show  that  the  radial  resistivity 
gradient  is  noticeably  affected  by  the  seed  rotation  rate.  For 
example,  the  five  (5)  crystals  grown  at  100  RPM  exhibit  a  radial 
gradient  below  5  percent  compared  to  crystals  grown  at  10,  20,  or 
$0  RPM,  which  exhibit  a  radial  gradient — generally— in  excess  of 
5  percent.  The  effect  of  2  versus  3  inches  per  hour  pull  rats  was 
not  distinquishable  under  the  operating  conditions.  These  results 
were  as  anticipated.  The  relationship  between  pull  rate,  angular 
speed  of  rotation  and  effective  segregation  coefficient  was  given 
by  the  Burton-Prim-Slichter  Formula*. 
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eff 


ko/ 


kQ  *  (l-k0)  exp  (-▼/▼,)  ' 

-  J 


Equation  1 


where:  ▼  ■  f 8 


6  ■  thickness  of  layer  in  the  liquid  adjaoent  to 

solid-liquid  interface  (extending  .1  -  .00001  cm 
depending  on  RPM) 

f  ■  growth  rate 

Vj  -  characteristic  growth  constant  mostly  dependent 

on  D  (C/  CQ). 

D  ■  Diffusion  constant  in  the  liquid  (Outdiffueion  from 
the  inner  crucible  to  the  outer  crucible  through 
the  capillary). 

C*  •  Impurity  concentration  in  the  Inner  crucible. 

CQ  •  Impurity  concentration  in  the  outer  crucible. 

In  the  case  of  kQ«  1  (presently  applied)  Equation  1  may  be  simplified  tot 

^  kg  exp  f8/D  Equation  2 

*  Soft  "Transistor  Tochaslogy"  -  Vol  I  -  Chap  5  -  Van  Nostrand  Co.,  1958 
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III.  RELIABILITY  IMPROVEMLNT  PROGRAM  NARRATIVE  (Continued): 

I. I. I  Resistivity  Control  -  H.  Sivik 

Equation  2  is  sensitive  to  higher  pulling  speeds  (above  10  inches  per 
hour)  but  relatively  Insensitive  to  pulling  speeds  below  3  inches  per 
hour.  At  low  rotational  speed  (^10  RPM)  6  assumes  0.1  to  .01  values. 
At  higher  rotational  speeds  (>  30  RPM)  the  C*>C0  condition  is  easily 
maintained  since  C*  s  Cc/ke  ff  *  co  /kQ  exp  fS/D  and  fi  decreases  as  ro¬ 
tation  Increases;  where  C*  ■  concentration  of  dopant  in  the  inner  cru¬ 
cible  and  CQ  •  concentration  of  dopant  in  the  outer  crucible.  Thus, 
the  Increased  agitation  of  the  melt,  resulting  from  the  greater  shear¬ 
ing  action  at  the  liquid-solid  interface,  has  decreased  the  radial  re¬ 
sistivity  gradient  considerably  by  enhancing  redistribution  of  impurity 
In  the  body  of  the  melt. 

Cone luslons : 

Improvement  in  the  radial  resistivity  gradient  was  demonstrated  by  use 
of  higher  rotational  speeds. 

Effects  of  crystal  pull  speed  and  different  size  of  capillary  in  the 
inner  crucible  were  found  to  be  negligible  on  the  radial  resistivity 
under  the  furnace  operating  conditions. 

Program  for  Next  Quarter: 

None,  this  portion  of  the  program  is  essentially  completed  and  will 
be  summarized  in  the  final  report. 


111.  RELIABILITY  IMPROVEMENT  PROGRAM  NARRATIVE  (Continued): 


I  1.2  Etch  pit  Control  -  H.  Slvik 

Several  crystal*  with  specified  etch  pit  count  and  realativlty  were 
prepared  and  submitted  for  a  production  run  a*  explained  in  Section 
1.1.1.  No  difficulty  wit  encountered  in  preparing  theae  cryatala 
with  the  required  1,000  -  2,000  etch  pita  range,  other  then  the 
normal  miner  mechanical  troubles. 

Three  (1)  crystala  (Numbers  11,  12,  !•>  in  Table  I)  made  with  the 
1  or  1-W8  inch  torus  hole  show  20,  200,  and  20  etch  pita  per  cm  , 
respectively.  Such  low  dislocation  densities  are  not  desired  for 
the  2N1410  device  as  was  Indicated  In  Section  1.1.  S  of  a  previous 
report  due  to  spreading  and  alloying  problems.  However,  these 
crystala  demonstrate  the  etch  pit  control  attainable  by  use  of  the 
torus  In  fulfillment  of  the  goal  of <  200  etch  pits  per  ca‘  In  the 
work  statement  of  Supplement  No.  2  of  the  technical  -  proposal . 

Gone lus Ion: 

The  ability  to  prep'are  germanium  crystals  of  desired  dislocation 
count  was  shown  to  be  feaalble  and  reproducible. 

Program  for  Next  (>iarter : 

None,  this  portion  of  the  program  is  essentially  completed  and 
will  be  summarised  In  the  final  report. 


III. 


RELIABILITY  IMPROVEMENT  PROGRAM  NARRATIVE  (Continued) 


1.1.3  Uniform  Penetration  in  Diffusion  -  R.  Colucci 

Although  the  silicon-dioxide  mask  process  eppeers  to  hold  definite  ad¬ 
vantages  in  regard  to  cost  and  uniformity  of  electrical  characteristics, 
there  were  problems,  discussed  in  the  third  quarterly  report,  which 
made  it  impossible  to  incorporate  the  process  in  the  pilot  production 
run.  Bendix  plans  to  continue  this  work  beyond  the  present  contract 
until  a  workable  production  process  is  arrived  at  or  the  process  is 
definitely  determined  to  be  not  feasible. 


III.  RELIABILITY  IMPROVEMENT  PROGRAM  NARRATIVE  (Continued) 

1.1.4  Depth  Control  in  Alloying  -  F.  4rden 

In  Quarterly  Report  #2  it  was  indicated  that  as  an  improvement  to  the 
depth  control  in  alloying,  the  thickness  of  the  dice  would  be  regula¬ 
ted  statistically  with  the  help  of  a  control  chart. 

In  che  following  Report  £1,  an  evaluation  of  the  effectiveness  of  the 
technique  was  discussed,  and  the  conclusion  was  made  that  the  results 
hail  proved  satisfactory. 

Since  then,  the  statistical  technique  has  been  used  exvlusivelv, 
and  the  yields  attributable  the  thickness  of  the  dice  have  stayed 
at  a  markedly  high  proportion. 


III.  RELIABILITY  IMPROVEMENT  PROGRAM  NARRATIVE  (Continued) 
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1.1.5  Spreading  and  Wetting  In  Alloying  -  R.  Colucci 

Aa  the  depth  control  In  alloying  is  also  affected,  it  will  be 
necessary  in  all  cases  to  consider  spreading  and  wetting  in  alloying 
in  conjunction  with  "1.1.4  Alloy  Depth  Control  in  Alloying"  since 
depth  penetration  and  surface  spreading  are  closely  dependant  on 
one  another. 

See  1.1.4  for  finalized  production  techniques  and  processes. 


III.  RELIABILITY  IMPROVEMENT  PROGRAM  NARRATIVE  (Continued) 

1.1.6  Collector  Attachment  -  R.  Co  luce  i 

It  can  be  concluded  at  thia  tine  that  the  collector  attachment  has 
been  finalised  to  the  use  of  the  ultrasonic  mounting  technique  as 
outlined  In  the  first  quarterly  report.  This  technique  has  been 
used  In  the  Production  Reliability  Run  and  will  be  presented  on 
the  finalised  flow  chart. 


III.  RELIABILITY  IMPROVEMENT  PROCRAM  NARRATIVE  (Continued) 

1.1.7  Surface  Passivation  end  Pinal  Preparation  Prior  to  Seeling.  -  R.  Colucci 

The  preaent  production  technique*  have  been  finalised.  Quality 
Control'*  "Lot  Control  System"  shows  that  gain  degradation  of  the 
preaent  product  is  ±  51  after  1000  hour*  storage  at  110°C  and 
±  81  after  10,000  hours,  indicating  adequate  surface  passivation 
control. 


RELIABILITY  IMPROVEMENT  PROGRAM  NARRATIVE  (Continued) 

1.1.8  Getterins  Techniques  -  R*  Colucci 

The  production  gettering  technique  he*  been  finalised  to  the  use  of 
an  activated  nolecular  sieve  pellet.  This  technique  has  been  used  in 
the  Production  Reliability  Run  and  will  be  presented  on  the  finalised 
flow  chart. 


1.1.9  Leak  Determination  -  E.  Yurowski 

The  Mas  spectrometer  helium  leak  detection  study  was  concluded  as  des¬ 
cribed  In  Report  No.  3.  The  results  of  the  helium  leak  detection  study 
have  been  incorporated  as  part  of  normal  production  on  the  2N1430  tran¬ 
sistor  and  its  related  generic  types.  The  test  procedure  as  it  la  now 
applied  includes  helium  leak  testing  to  a  limit  of  1.0  x  10*10  std  cc 
He/sec,  preconditioned  by  backfilling  at  100  pal  for  four  (4)  hours. 

Gross  leakers,  i.e.,  leak  rates  of  greater  than  1.0  x  10‘5  std  cc  He/sec. 
are  withdrawn  during  subsequent  testing  by  the  Detergent  Bomb  Hematic 
Seal  Test  performed  at  100  psi  for  thirty  (30)  minutes. 
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MIL-S-19500/ 


(PROPOSED) 

MILITARY  SPECIFICATION 
TRANSISTOR,  PH?,  GERMANIUM 
TYPE  2N1430 


1.  SCOPE 


1.1  Scop* .  This  specification  covers  the  detail  requirements  for  a  Germanium  Diffused 
Alloy  PNP  switching  transistor  with  the  following  characteristics  at  Tj  5  25°C. 


1 . 2  Absolute  Maximum  Ratings. 


SYMBOL 

UNIT 

MAX. 


PT^Average 


(21 


lstg 


BV 


W 

70 


800(peak)  -65  to 
30  (avg)  /110 


WC 

110 


CBO 

V 

-120 


BVCEO 

V 

-100 


c 

A 

-10 


NOTES: 


I 

V  I 

4~- 

1 

V 

C 

CB 

1  8 

EB 

B 

A 

/1 . 5 


1.  For  steady  state  conditions  with  forward  bias 

derate  1.2°C/W  for  case  temperatures  25°C. 

2.  Peak  and  average  gower  in  switching  applications  derate  1.2°C/W  for  case 
temperatures  )  74  C.  See  Figure  3  for  safe  operating  power  dissipation  area. 


1.3  Primary  Electrical 

Characteristics. 

SYMBOL 

h 

'’E 

V 

CE  (S) 

VBE(S) 

CONDITIONS 

I  * 10A; 

Vc  --2V 

CE 

I  *- 10A; I  •- 1A 

C  B 

I  *  -  10A 

C 

UNIT 

-- 

V 

V 

MIN. 

20 

MAX. 

60 

-0.4 

-0.9 

t 

r 


*-5A 


t 

8 


|J  s  p  s 


7.0  3.0 


Vcc»  80V 

r 


5.0 


2.  APPLICABLE  DOCUMENTS 


2.1  Tha  following  documents  of 
of  this  specification: 

Specifications : 

Military:  MIL-S-19500 

Standards:  MIL-STD-105 


MIL* STD-202 
MIL- STD- 7 50 


the  issue  in  effect  on  invitation  to  bids  form  a  part 


Transistors,  General  Specification  for 

Sampling  Procedures  and  Tables  for  Inpsection  by  Attributes 
and  Appendix,  Sampling  for  Expensive  Testing  by  Attributes 

Test  Methods  for  Electronics  and  Electrical  Coa^>onent  Parts 
Test  Methods  for  Semiconductor  Devices 


3.  REQUIREMENTS 


3.1  Requirements :  Requirements  shall  be  in  accordance  with  Specification  MIL-S-19500, 


MIL-S-19500 


and  as  specified  herein. 


3.2  Abbreviations  and  symbols.  The  abbreviations  and  symbols  used  herein  are 
defined  in  Specification  MiL-S-19500  and  as  follows: 


hFE 

VCE(sat) 


ICEO 

ICBO 

IEBO 

ICES 

ICES 

t 


t 

s 


Static  Forward  Current,  Transfer  Ratio 
Collector  Saturation  Voltage 
Thermal  Resistance,  Junction  to  Case 

Collector  to  Emitter  Cutoff  Current,  Base  Open 
Collector  Cutoff  Current 
emitter  Cutoff  Current 

Collector  to  Emitter  Cutoff  Current,  Resistance  return  from 
base  to  emitter 

Collector  Cutoff  Current,  Base  Shorted 
Pulse  Rise  Time 

Pulse  Fall  Time 

Storage  Time 


3.3  Design  and  Construction.  Transistors  shall  be  of  the  design,  construction  and 
physical  dimensions  specified  on  Figure  1. 

3.4  Lead  Arrangement.  The  lead  arrangement  shall  be  as  indicated  on  Figure  1. 

3.5  Operating  Position.  Transistors  shall  operate  in  any  position. 

3.6  Performance  Characteristics.  Performance  characteristics  shall  be  as  specified 
in  Tables  I,  II. 

3.7  Marking.  In  addition  to  the  marking  specified  in  Specification  MIL-S-19500 
transistors  shall  be  marked  with  the  appropriate  type  designations  and  U.  S. 
Army  prefix  after  qualif ication  has  been  obtained,  and  with  the  qualification 

code  and  manufacturer's  identification. 


4.0  QUALITY  ASSURANCE  PROVISIONS 

4.1  Sampling  and  Inspection.  Sampling  and  inspection  shall  be  in  accordance  with 
specification  MIL-S-19500  and  as  specified  herein. 

4.2  Qualification  Inspection.  Qualification  inspection  shall  consist  of  the  examinations 
and  tests  specified  in  Tables  I  and  II. 

4.3  Inspection  Conditions.  Inspection  shall  consist  of  the  examinations  and  tests 
specified  in  Tables  I  and  II. 

4.4  Group  A  Inspection.  Group  A  inspection  shall  consist  of  the  examinations  and  tests 
specified  in  Table  I. 

4.5  Group  B  Inspection.  Group  B  inspection  shall  consist  of  the  examinations  and  tests 
specified  in  Table  II. 


MIL-S-19500/ 


4.6  Disposition  of  sample  units.  Sample  units  which  have  been  subjected  to  and  have 
passed  Group  B  inspection  may  be  delivered  on  the  contract  or  order,  provided  that, 
after  Group  B  inspection  is  terminated,  these  sample  units  are  subjected  to  and  paaa 

Group  A  inspection. 

4.6.1  LIFE  TESTS.  Life  tests  shall  be  performed  on  sample  units  which  have  been  sub¬ 
jected  to  and  have  passed  Group  A  inspection. 

4.6.2  1000  Hours  Life  Tests. 

~  Tal  1000  hours  life  tests  shall  be  in  effect  initially  and  shall  continue 
in  effect  until  the  eligibility  criteria  for  reduced  hours  life  test 
have  been  met. 

(b)  The  measurements  listed  under  end  points  in  Table  II  shall  be  made 
at  0  hours,  340  +72-24  hours,  670  +72-24  hours,  and  1000  +  72 
-24  hours.  Additional  readings  may  be  taken  at  the  discretion  of  the 
manufacturer. 

(c)  Sample  units  shall  meet  the  criteria  specified  in  Table  II. 

If  a  life  test  sample  fails  either  tne  340  or  670  hour  acceptance  criteria  for 
storage  life  or  operation  life,  the  lot  shall  be  rejected.  The  tests  may  be  terminated 
at  the  discretion  of  the  manufacturer.  However,  the  results  of  either  of  these  tests 
shall  not  be  used  at  a  future  date  for  acceptance  of  the  same  lot. 

4.6.3  Reduced  hours  life  tests.  (670  or  340  hours)  To  qualify  for  reduced  hours  life 
tests,  the  following  criteria  shall  be  met: 

(a)  The  immediately  preceding  3  lots  have  been  accepted. 

(b)  The  average  per  cent  defective  over  the  preceding  five  lots  at  full 
test  time  has  not  exceeded  0.2  of  \  . 

(c)  There  has  been  no  unusual  discontinuity  in  production  in  the  immediately 
preceding  5  lots. 

4.6.4  After  establishing  eligibility,  production  lots  shall  be  released  for  shipment  at 
67O  hours  or  340  hours,  provided  the  life  test  sample  has  not  exhibited  more  than  the 
allowable  number  of  failures. 

4.6.5  The  manufacturer  shall  establish  eligibility  for  670  hours  first,  thence  he  shall 
meet  the  criteria  of  a,  b  and  c  of  4. 6. 3  at  670-hour  release  to  qualify  for  340-hour 
release.  Lots  which  are  accepted  under  early  shipment  may  be  shipped.  However,  the 

life  test  shall  continue  through  the  full  1000  hours.  The  manufacturer  shall  lose  eligibil¬ 
ity  for  670-hour  or  340-hour  release  whenever  two  of  five  consecutive  lots  have  failed 
the  life  test  or  the  percentage  defective  over  the  preceding  five  lots  exceeds  0.4  of  X. 
at  full  time.  Loss  of  eligibility  for  670-hour  release  shall  result  in  institution  of 
1000  hour  release.  Loss  of  eligibility  for  340-hour  release  shall  result  in  institution 
of  670-hour  release. 

4.6.6  Resubmitted  lots.  Lots,  from  which  defectives  have  been  screened  out  or  reworked 
and  which  are  resubmitted  for  acceptance  inspection,  shall  contain  only  devices  which  were 
in  the  original  lot.  Resubmitted  lots  shall  be  kept  separate  from  new  lots  and  shall  be 
clearly  identified  as  resubmitted  lots.  Resubmitted  lots  shall  be  inspected  for  all 
characteristics,  using  tightened  inspection,  only  for  the  characteristics  failed.  Lots 
may  be  reautaaitted  a  maximum  of  two  times.  At  the  discretion  of  the  Government,  testing 
of  characteristics  which  are  not  affected  by  the  screening  process  may  be  omitted  for 
resubmitted  lots. 


MIL-S-19500/ 


4.7  Rise  and  fall  time.  Rise  and  fall  time  measurements  shall  be  made  using  the 
circuit  of  Figure Z. 

5.  preparation  for  delivery 

5.1  Preparation  for  delivery  shall  be  in  accordance  with  Specification  MIL-S-19500. 

6.  NOTES 

6.1  Notes .  In  addition  to  the  notes  specified  herein,  the  notes  specified  in  Speci¬ 
fication  MIL-S-19500  are  applicable  to  this  specification. 


NOTICE:  When  Government  drawings,  specifications,  or  other  data  are  used  for  any 
purpose  other  than  in  connection  with  a  definitely  related  Government  procurement 
operation,  the  United  States  Government  thereby  incurs  no  responsibility  nor  any 
obligation  whatsoever,  said  the  fact  that  the  Government  may  have  formulated, 
furnished  or  in  any  way  supplied  the  said  drawings,  specifications,  or  other  data  is 
not  to  be  regarded  by  implication  or  otherwise  as  in  any  manner  licensing  the  holder 
or  any  other  person  or  corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  invention  that  may  in  any  way  be  related  thereto. 


X*  Method*  referenced  are  contained  in  Standard  HIL-STD-750 


TABLE  I.  GROUP  A  INSPECTION 


1*  Methods  referenced  ere  contained  in  Standerd  MIL-STI>-750 


1*  Methods  referenced  are  contained  in  Standard  MIL-STD-750 


TABLE  II 

GROUP  B  INSPECTION  -  Continued 


1*  Methods  referenced  are  contained  in  Standard  MIL-STI>-750 
2.  Destructive  Tests 


Table  II 

GROUP  B  INSPECTION 
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TRANSISTOR  OUTLINE 


l-  THESE  CAMEMSIONS  S HOLED  BE  MEASURED  AT  points  .050  TO. 055  BELOW  SEATir 
0  .680  PI  ANf .  WHEN  GAGE  IS  NOT  USED,  ME  ASUREMEPCT  will  BE  MADE  AT  SEATWM  PLA^ 

0.560  2.  ALL  DIMENSIONS  IN  INCHES. 


INDUCTIVE  SWEEP  TEST 


:v  -  appendix  i 


L2CDUCTICN  ?UN 


A.  General 


A  production  run  of  2000  units  was  mad*  thr-  ughout  wi.'H  all  of  the  changes 
and  imprc vements  ir.  processes  and  in  '■ocLr  :  rec.'mi  .enued  at,  a  result  of  thia 
program  were  carefully  incorporated. 

The  di  itrihuti  ^f  several  crlvi  n  r  uir.e  1  e  .■  s  were  obtained  luring  processing, 
namely  at  Xcur.t  J ; .  e  r  < .  Later  or.,  after  ti“  transistors  were  age",  ''n'~  units,  ran¬ 
domly  selected,  *cre  tested  for  all  of  the  par t  ;rs  listed  in  the  new  specification, 
and  the  respective  distributions  were  pl^tt  i.  Note  taat  all  of  the  indicated  minima 
ar,d  maxima  are  in  ^uu^ri&nce  witn  the  tightened  specification  Tl'l^fO,  as  submitted 
in  quarterly  Hep art  .?}.  finally,  tne  entire  run  was  tested  on  a  go  no-go  basis  to 
the  improved  _MA J>C  specification. 

B.  Processing  Distributions 

a)  Hie  following  distributions  are  illustrated,  at  the  Mount  Testing  point: 

1. -  Collector  Leakage  Current  (IgBO^ 

2. -  Base  Current  (Ib)  [Fig.  I  -  2) 

3<-  Collector-to-Emitter  Voltage  (BV. 

b)  Discussion  of  the  Distributions 

1. -  The  collector  leakage  current  at  VCB=2  Volts  shows  a  very  well 
behaved  pattern  and  a  small  standard  deviation.  This  indicates  a  good  control  on 
resistivity.  The  achieved  average  is  better  than  the  objective. 

2. -  The  base  current  histogram  shows  a  distribution  slight  shewed  to  the 

right,  but  otherwise  satisfactory.  The  target  for  the  standard  deviation  was  essen¬ 
tially  met,  while  the  average  is  somewhat  short  of  the  goal.  This  is  not  of  major 

consequence  since  the  IB  tends  to  become  larger  during  the  aging  process. 

3. -  The  collector-to-emi tter  voltage  appears  to  have  a  distribution 

slightly  skewed  to  the  left.  The  average  achieved  is  far  in  excess  of  the  objective. 
This  is  so  because  the  original  target  was  established  on  the  basis  of  the  old  speci¬ 
fication  [icSO  at  Lo  V  with  maximum  IC  =  -1A.]  .  Later  on  the  tightened  specification 

was  proposed  in  which  BVCEO  at  .IA  with  minimum  100V  had  to  be  met.  This  requires  a 

much  higher  BVaa. 

C.  Paw  (Unscreened)  After-Aging  Distributions 

a)  The  following  distributions  are  presented 

1. -  Collector  Cutoff  Current  (IC3G»  VCB  =  2V)  [Fig.  I  -  4] 

2. -  Collector  Cutoff  Current  (ICBC,  VCB  =  120V)  (Fig .  1-5)  -■ 

3. -  Collector  Cutoff  Current  (IcB0»  High  Temperature)  [Fig.  1-6] 

4. -  Collector  Cutoff  Current  (Igiis)  [Fig.  I  -  ^ 

5. -  Base  Current  (VCE  =  2V,  Ig=10A)  £ig.  1-83 


if1**  1  ' 

2R)  W.  I  >  ] 


3aae  Current  (VCE=2V,  Ic=  5A)  [Fig.  I  -  $ 

Collector  .Saturation  Voltage  (V C£  (S))  [Fig.  I  -  icj 

8. -  Saturation  Voltage  (Vbk  (8)  )  [Fig.  I  —  11} 

9. -  Collector  .unitter  Breakdown  (BVCEOt  Full  Va Ye)  (frig.  I  -  12J 

10. -  Collector  Emitter  Breakdown  (BVCEOy  Inductive  Sweep)  [Fig.  I  -  13] 

11. -  Emitter  to  Base  Breakdown  (BVJbo)  [Jig*  I  - 

12. -  Rise  Time  frig.  I  -  15] 

IT.-  Fall  Time  C'ig.  I  -  l^J 

1 4. -  Storage  Time  {Fig.  I  -  1^ 

15. -  Thermal  Resistance  [Fig.  I/-  1^ 

b)  Discussion  of  the  Distributions 

It  is  to  be  emphasized  here  that  all  the  minimum  and  miximum  limits 
•lotted  are  bused  on  the  tightened  newly  proposed  2N1430  specification. 

1. -  Fig.  1-4  shows  an  extremely  well  behaved  distribution  well  within 

the  maximum  specified.  j 

2. -  Fig.  1-5  shows  a  slightly  skewed  distribution,  well  within  the 

maximum . 

Z.~  Fig.  I  -  f>  illustrates  a  very  well  behaved  distribution  far  under  the 

maximum  limit . 

4. -  Fig.  1-7  indicates  a  skewed  distribution,  however  it  is  well  removed 
from  the  maximum. 

5. -  Fig.  I  -  8  is  generally  well  behaved  with  a  slight  skewness.  About 
9156  of  the  product  is  within  the  mimimum  and  maximum  limits. 

6. -  Fig.  1-9  shows  ■>.  distribution  similar  to  Fig.  1-8,  except  that  here 
96%  of  the  product  meets  the  specification. 

7. -  Fig.  I  -  10  appears  to  exhibit  a  double  distribution.  Even  so,  bettsr 
than  93%  of  the  population  is  within  specification, 

S.-  Fig.  I  -  11  is  a  very  sharp  distribution  where  96%  of  the  product  meets 
the  specification. 

9.-  Fig.  I  -  12  is  a  well  behaved  distribution  where  9^%  is  within  the  old 
specification  anc.  82 %  within  the  tightened  specification. 

10. -  Fig.  I  -  13  is  a  sharp  distribution  with  about  73%  of  the  product 
meeting  the  specification. 

11. -  Fig.  I  -  14  is  slightly  skewed  to  the  right,  however  the  distribution 
is  far  removed  from  the  minimum  specified. 

12. -  13.-  14.-  Fig.  I  -  15,  16  and  17  are  extremely  well  behaved  and  very 

comfortably  within  specifications. 

15.-  Fig.  I  -  18  is  well  behaved,  but  not  quite  sharp  enough.  Eighty-nine 
per  cent  meets  specification. 

In  general,  this  production  run  has  shown  very  satisfactory  results. 

CAUTION:  If  one  were  to  calculate  an  overall  yield  on  the  basis  of  the  above  indi¬ 
cated  percentages,  one  would  obtain  a  very  psasimistic  yield,  rather  than  a  realistic  one. 


This  is  due  to  the  fact  t;  in  m^nv  cases  one  unit  showing  a  characteristic  outside 
of  specification  or.  one  parameter  often  will  be  out  of  specification  on  other 
parameters  as  well,  so  that  t  is  one  unit  reduces  the  yield  on  every  parameter, 
rather  than  just  be  counted  only  once  as  a  defective  unit. 

D.  Yield 

The  units  were  screened  first  to  the  old  2N143C  specification.  lubsequently  they 
were  recombined  and  screened  again,  this  time  to  the  tightened  2N143C  specification. 
The  results  are  shown  below. 
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1.0  Reliability  Determination 

The  remainder  of  the  Produti  n  uel  .  .fci_  .y  X*.-.  j  <•  *  i 

consist  primarily  of  an  evaluation  of  .  jro'uciu  :i  I'..  -1  >pi  el  j  . 

transistors.  This  lot  is  manufactured  under  juriugent  loI  ••  -r ‘-o’  -mu;  •  . on s 
and  incorporates  all  of  the  product  improvements  res.uLiiit,  ‘ra  r'.e  su:  ;*'t 
2N1430  Engineering  Measure. 

The  most  important  phase  cf  trie  final  *v;i’  lati  -n  .1’  .  rj»  «n  .'••lerat.ee 
life  test  program  designed  to  provide  information  refle  t  in  ...  h.:»ci,ve  failure 
rate  of  0.05^  per  lr>i)0  hours  at  25°0.  Actual  testing  w  .  i  r*  cot. du.-ted  t  0 
period  of  2500  hours.  Sample  sizes  are  determine.;  ir.  a  'c  ./,•  lance  with  t  he  following 

expression : 


F  w  r 


The  above  equation  and  resultant  table  of  unit  -  hears  required  to  demon¬ 
strate  \  4c  G.05V1000  hours  is  shown  as  equation  (^)  and  Table  2  of  this  Appendix. 

Results  of  the  accelerated  life  teat  program  will  be  based  on  a  minimum 
of  60,000  unit  hours  at  the  maximum  stress  and  (n 5,'''nC  unit  hours  at  the  minimum 

stress . 


The  comprehensive  reliability  program  plan,  in  addition  to  describing  the 
behavior  of  the  Bendix  2N1430  transistor  at  accelerated  temperature  condition*  will 
also  include  an  accelerated  operating  po.er  life  test  program  to  be  run  in  parallel 
with  the  accelerated  temperature  tests.  The  accelerated  power  life  teats  will  be 
conducted  at  operating  conditions  which  are  calculated  to  reflect  ar.  acceleration 
factor  of  1.5  times  the  acceleration  factor  of  high  temperature  testing.  Thi* 
figure  is  based  on  engineering  investigation  which  considers  both  the  effect  of 
high  current  densities  and  any  localized  heating. 

It  should  be  noted  that  the  Reliability  determination  will  be  based  on 
accelerated  life  tests  that  are  conducted  in  terms  of  single  levels  of  acceleration, 
i.e.,  the  total  sample  will  be  subdivided  into  five  (5)  subgroups  and  tested  in  ac¬ 
cordance  with  acceleration  factors  calculated  to  reflect  the  objective  failure  rate 
of  0.05%  per  1000  hours  at  25°C.  The  intent  here  is  to  generate  parameter  information 
which  is  unbiased  by  the  effects  of  previous  step  stress  fatigue. 


2.0  Data  Analysis 

The  measure  of  failure  rates  resulting  from  the  Reliability  Determination 
program  will  be  evaluated  at  various  intervals  while  the  program  progresses.  A 
final  dstsrminstion  and  report  summation  will  be  prepared  at  the  conclusion  of  all 
tssts.  Implementation  of  the  Reliability  Determination  will  be  in  accordance  with 
the  statistical  tschniqusa  dsscribed  in  Paragraphs  5.0  through  6.0  of  this  Appendix. 
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3.0  Program  Plan 

Appendix  III  describes  the  -Reliability  Determination  portion  of  the  2N1430 
Production  Engineering  Measure  in  flow  chart  form. 

4.0  Program  Schedule 

Appendix  IV  describes  the  schedule  plan  applicable  to  the  Reliability 
Determination  Plan. 
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5.P  Failure  Rate  Study: 

To  obtain  an  estimate  of  failure  rates  in  a  reasonable  amount  of  time  with 
a  reasonable  number  of  units,  accelerated  life  tests  shall  be  applied. 


In  general,  a  point-estimate  of  the  failure  rate,  assuming  an  exponential 
distribution,  may  be  obtained  as: 


where : 


X  = 

tnA  = 
n.  s 
t  = 

X « 


x  = 


nrv 


1 


t 


failure  rate 
natural  Logarithm  of  X 
number  of  units  on  test 
number  of  failures 
duration  of  test 


0) 


A  one-sided  confidence  limit  for  X  is: 

^  ll  +  ''^k)  ^  Ua.  +  ^,  i'V-H)] 


X) 


where  all  symbols  have  been  previously  defined  except  that: 


FX  V. A  H-tA,  A'*- in.)  refers  to  the  F  distribution 
with  ’  confidence 

degrees  of  freedom  in  the  nuawrator 
2,-n-lH*  degrees  of  freedom  in  the  denominator 


The  acceleration  factors  of  the  failure  rate  shall  be  estimated  graphically 
on  semi-logarithmic  paper  using  the  general  equation: 

>  T  =  c  e  T  (i) 


where :  XT  ■ 

T  • 
C  ■ 

e  ■ 
a. 


failure  rate  at  temperature  T 
temperature  in  degree  He  Ivin 
a  constant,  depending  on  initial  conditions 
base  of  the  natural  logarithss,  »  2.72... 
slope 


Using  equation  (3) 


for  a  reference  temperature  R,  we  find: 

~X  i 

X  *  =  C  £  «> 


from  which  we  can  obtain: 

C  =  — Xi —  -  Xh.*  0  "•  (jf) 

Replacing  this  value  C  in  equation  ($  we  arrive  at  the  general  aquation: 
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To  obtain  the  slope,  the  following  manipulation  shall  be  effected: 

'  Cvi  /\r, 

t  IlT -  w 

,  ^  '  T, 

where:  *  natural  logarithm  of  X 

The  intercept  is  obtained  by: 

c.  -  ~aTjl  •  e"  T>- 

where  -t  was  obtained  in 
equation  (6) 


6.0  Determination  of  Sample  Sires  and  Number  of  Pailuran  Necessary  to  Dessonstrate 
a  Failure  Rate.: 

A.  Temperature :  In  order  to  estimate  the  sample  sises  and  the  maaber  of 
units  failed  necessary  to  demonstrate  a  failure  rate,  we  shall  use  data 
obtained  in  a  previous  accelerated  test  (See  appendix  I-C  of  3rd  Quarterly 
Report)  in  which  it  was  determined  that  »-5050.  The  objective  failure 
rate  being  0.051  per  thousand  hours  at  25°C,  equation  (5)  now  becomes: 

-X  -SOSO  -  TTil 

A  t  =  5x10  * 

10* 

where:  5  N  =  -r- 


Based  on  equation  (7)  it  becomes  possible  to  determine  the  accelerated 
failure  rates.  This  is  shown  graphically  in  Figure LI-A,  and, in  the  table 
below,  calculations  are  shown  for  five  specific  temperatures. 


Table 

_I_- 

Calculation  of  accelerated 
baaed  on  Kouatlon  (7) 

failure 

rates 

t 

.1. 

(7 

.  3s) 

S'. 

r 

Ji 

(T) 

h - - 

T°C 

°K 

1/°R  x 

105 

hi-3.36 

-5.05  x^4) 

_  ,_| 

5  x  10"4x 

At 

75 

348 

2.88 

-0.48 

2.42 

11.30 

.00565 

.565% 

99  , 

372 

2.69 

-0.67 

3.38 

29.50 

.0145 

1.45% 

127  S 

400 

2.50 

-0.86 

4.32 

76.50 

.0382 

3.82% 

160  ; 

433 

2.31 

-1.05 

5.28 

198.0 

.099 

9.9% 

200 

473 

2.12 

-1.24  ; 

6.25 

510.0 

.253 

25.3% 
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the  following  table  results: 


Tab  la  2  -  Necessary  unit-hour*  (x  10J)  at  selected 
temperatures  to  demonstrate  /N<.05X/1000  hour*  for  the  allowabla 


It  la  projected  to  run  the  taat*  for  2500  hour*.  The  number  of  units 
necessary,  than,  nay  ba  calculatad  by  taking  tha  unit-houra  and  dividing  by 
tha  number  of  houra.  This  waa  dona,  and  tha  following  rasulta  wara  obtained: 


Table  3  -  Nuober  of  unite  put  on  life  taat  for  2500 
houra  and  number  of  allowable  failures  to  demonstrate  A<.05X/1000 


Tha  total  nuatoer  of  units  placed  on  accelerated  temperature  teat  will  therefore 
ba  501. 
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B.  fowr:  The  accelerated  power  failure  rata  la  obtained  In  a  Banner 
analogous  to  that  of  the  teaperature.  Wa  now  need  the  a  lope  and  Intercept 
of  the  line  given  by  Equation  (3). 

The  following  aaauaptiona  are  made*,  given  that  the  case  temperature  la  held  at  85°C 

1.  The  failure  rate  at  teaperature  T  when  power  la  on  la  1.5  times 
larger  than  the  failure  rata  at  the  same  temperature  when  power  la  off. 

2.  The  thermal  reslatance  of  the  tranaiator  la  1.2°C/W. 


Prom  theae  two  aaauaptiona  and  with  the  help  of  Plgurell-A,  we  calculate 
that  the  failure  rate  la  1001  at  a  power  of  136  watta;  (caae  at  85°C) 
that  the  failure  rata  la  2.11  at  a  power  of  20  watta.  (caae  at  85°C) 

than:  *  C.  £■ 


B  la  Caloalatad  from  the  analogoua  of  Equation  (6)  aa: 


&  = 


£m.  l.o  -  £*\  .oil 


ft 


i.  _  _L. 

w>  Ifci 


The  Intercept  la  calculated  aa: 

*Q.g 

c  *  i.o  e  'i<*  =.  i.qs 


=  _  qo.S 

-O.o«41 


The  accelerated  aquation  for  power  now  becoaMs: 

"As  =  1.95  e"  *  (<*) 


This  la  plotted  as  figure  1I-B. 

Vor  practical  raaaoaa  It  la  attractive  to  use  the  same  failure  rates  (and 
thus  the  same  senile  sise  and  number  failed)  for  the  power  and  the  teaperature 
tests.  We  shall  therefore  calculate  from  Equation  (9)  the  power  requirements 
to  achieve  a  certain  failure  rate  so  that  the  results  shown  In  Table  3  may 
be  uaed. 


Proa  Equation  (9) : 


FfcU-0*£  KATC,  %  ftJR  \oe>o  HoO*S 
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With  tha  failure  rates  obtained  In  column  @  of  Table  1  and  the  help  of 
Equation  (10)  we  present  Table  4: 

Table  A  -  Power  requirements  to  meet  a  given  accelerated  rate 


(1) 

(2) 

(3) 

(A) 

“Vl.95 

(2) 

-90. 5  AS) 

.005*5 

.00290 

-3.85 

.0145 

.007A5 

-A. 90 

.0382 

.0196 

-3.93 

.099 

.0507 

-2.98 

.253 

.130 

-2.0A 

Bl 

Table  3  la  now  reproduced  for  the  sake  of  completeness  as  Table  3. 

Table  5  -  Number  of  units  put  on  life  teat  for  2500  houra 
and  number  of  allowable  failures  to  demonstrate  A<  .051/ 1000 
hours  with  901  confidence. 


15.4  watts 

18.4  watts 

23.0  watts 

30.4  watts 

AA.4  watta 

*w 

270 

108 

57 

42 

24 _ 

A- 

_ L 

1 _ 

_ 2 _ 

5 

_ Z _ 

The  number  of  units  placed  on  accelerated  test  will,  therefore,  be: 
SOI  on  temperature  and  501  on  power  for  a  total  of  1002  units. 
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